In cytomics bookkeeping of the data generated during lab experiments is crucial. The current approach in cytomics is to conduct High-Throughput Screening (HTS) experiments so that cells can be tested under many different experimental conditions. Given the large amount of different conditions and the readout of the conditions through images, it is clear that the HTS approach requires a proper data management system to reduce the time needed for experiments and the chance of man-made errors. As different types of data exist, the experimental conditions need to be linked to the images produced by the HTS experiments with their metadata and the results of further analysis. Moreover, HTS experiments never stand by themselves, as more experiments are lined up, the amount of data and computations needed to analyze these increases rapidly. To that end cytomic experiments call for automated and systematic solutions that provide convenient and robust features for scientists to manage and analyze their data. In this paper, we propose a platform for managing and analyzing HTS images resulting from cytomics screens taking the automated HTS workflow as a starting point. This platform seamlessly integrates the whole HTS workflow into a single system. The platform relies on a modern relational database system to store user data and process user requests, while providing a convenient web interface to end-users. By implementing this platform, the overall workload of HTS experiments, from experiment design to data analysis, is reduced significantly. Additionally, the platform provides the potential for data integration to accomplish genotype-to-phenotype modeling studies.
Introduction
Recent developments in microscopy technology allows various cell and structure phenotypes to be visualized using genetic engineering. With a time-lapse image-acquisition approach, dynamic activities such as cell migration can be captured and analyzed. When performed in large-scale via robotics, such approach is often referred to as a HighThroughput Screening (HTS). At the work floor this is often called "screen". In cytometry, HTS experiments, at both cellular and structural level, are widely employed in functional analysis of chemical compounds, antibodies and genes. With automated image analysis, a quantification of cell activity can be extracted from HTS experiments. In this manner, biological hypothesis or diagnostic testing can be verified via machine learning using the results from the image analysis. HTS experiments, supported by automated image analysis and data analysis, can depict an objective understanding of the cell response to various treatments or exposures.
In this paper, we set our scope to the bioinformatics aspects of HTS. An HTS experiment starts with the design of a culture plate layout containing N × M wells in which the cells are kept, cultured and to which experimental conditions are applied. The response of the cells is then recorded through time-lapse (microscopy) imaging and the resulting time-lapse image sequence is the basis for the image analysis. The design of the plate layout is a repository of the experiment as a whole. From a study of the workflow of biologists, we have established an HTS workflow system.
Currently, spreadsheet applications are commonly used for bookkeeping the information generated during the workflow of HTS experiments. This approach has many drawbacks. It usually takes months to finish a complete experiment, i.e., from the plate design to the data analysis. Furthermore, images produced by the HTS experiments are not linked properly with their metadata and the analysis results. This scenario makes it difficult to do a proper knowledge discovery. So, most of the process within the workflow of HTS experiments are developed manually, which is highly prone to man made errors. Moreover, spreadsheets often differ in format and are not stored in a central place. This makes it hard for scientists from even the same institute to search, let alone to disclose their results in a uniform and efficient way.
To eventually tackle all these issues, we propose an HTS platform for managing and analysing cytomic images produced by HTS experiments. The platform seamlessly integrates the whole HTS workflow into a single system and provides end-users a convenient GUI to interact with the system. The platform consists of a layered architecture. First, an end-user layer that is responsible for the interaction with the scientists who perform different HTS experiments in cytomics. Then, the middleware layer that is responsible of the management of secure and reliable communication among the different components in the platform. Finally, a database-computational layer, in charge of the repository and execution of the image and data analysis.
Preliminary tests show that by using this platform, the overall workload of HTS experiments, from experiment design to data analysis, is reduced significantly. This is because, among others, in the HTS platform, the design of plate layout is done automatically. Using spreadsheets, it takes an experienced biologist one week to manually finish the mapping of 400-600 gene targets, while it takes less than a day to use the plate design modular in the HTS system. It also enables queries over datasets of multiple experiments. Thus, automation in cytomics provides a robust environment for HTS experiments.
To sum up, the contributions of this work include:
1. Establishing a workflow system of the HTS experiments (Section 2).
2. An integrated platform to automate data management and image analysis of cytomic HTS experiments (Section 3).
